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Abstract

ohCil  IiltOl’~ l)a110011 Syslcllls Ivilll telerol)olic (’ill )?ll)il-

i(ies  :Ic(, I)cillg  stllcli(d  to S111)])()]’1  f~l(lll”t’  SI)il C( (’Xl)lo-

ca(ioll I)y l)rol)fs w]licll lvill lII(Jv( II]) :111(I (Ioltll it~

a I)lall(’tal’y  atlll[)sl)llm, Iall(l and (Wl)lol(”  11(11 [1( ’1 ’011s

suIfacc  sites. oll-l)oal(l slat<’ (Jstillliltioll, Sll])])of’t(d
I)y a vdri(ty o f  s(tlsitlg soIIIc(w, }vill 1)(, css(’tll  ial 10

s(Il)])orl I i ( ’ J ’  l)allm)lI futlc[io]ls S(1(’11  :(s Ij:ltll ~Jc(xlic-

tiotl aII(l ]Ilalltlitlg, drsccl It atld latl(litlg ol)(ratiollh,

;III(I  scirtlcc  itlstrllll)(~llt }~c)itlti]lg, ‘1’}1(’ 1( ’1( ’villlt  St:it(%

iilcllldc ~)ositioll aIId vctocity l)lus a((illl(l( atl(l :ilIg(l-

Iar v e l o c i t y .  ‘1’1)(  sollr(’[’s of srllsitlg ill fol’lllillioll”  ltl-

cludc i)lrrlial, it]lagc, celestial, ratl~c aILd  radio llletcic

s(~llsll  lg. A  l)ri[llary focus o f  tl[is l)al)(,r i s  tll( irlcc)r-

I)(,ralio]l ofil](.rl ia] s(’t Isor  data itllo tll( wtitll:il(~r (1(-
sl~ll

1 Introduction

sllo\vh ;1 tJ’pi Cill (Ill;ll-l)llas(’ rol)otic l)ii110011 COllfig L1l’&
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(,cl ial s(IIsi  IIg  allo~vs  a  r(jl)(~lic  l)allm)lI systc.111 {(J <lc-

1(1111111(’  or ])1’o})a&at($ its slal(  \vitlIolll  c(~f’cc(~llc(.  ((1

all) Cx(ccllal  Scllslllg  Solll  (’(’s. l{a(( gyl’owll)(’h  [II’()

vi(lc  illf(~cl[latioll  011 at Igll Iar vcloci(j atl(l allo;t tll(

(stitllilto]  t o  I)lol)tlgiit( 111( a([itl](l( of”  111( I):  II IcIOII

syst(ill Accclecot[lrt cm ]Jri)l’i(l(-  itlforlll;l(iotl 011 t  rll(

sl);ltial acc(l(ratloii> as w e l l  as local gravilllctcic  ill-

foct[latioli I)y  rcac(itlg 10 (11( dir(cti{)tl of tll(, local

gravity fi(ld, (Ilat is, tllc local v e r t i c a l .

‘1’IIc f~lsioll of  illccl ial scllsor data for a I):illc)oli syh

tfttl, ro)lcs<tlls a II(’U’  cstiltlatiol) r(gittlc tllilt  i s  (lif -
f(l([lt fro]ll llIat o f  a sl,;lc(craft or l:IIId IY)V(I. l~]llilit

?1 S])~CCC~dft tll C l)illloOll i s  IIot ill fr<f-f:ill; IItllikt a

cov(t it i s  Ilot ill a q u a s i - s t a t i c  “r(’st” (quilil)cilllll.

lllSt(’il(l  tll(’  1):111  [)011  Sj’St(’111  C?lll  1)(’ cllaract(riw(l  :1S

?1 })l:ltf[)llll Ivitll l~ctlcl~ll~llll-lik(~ Illotloll” lllat Collll)illfh

asl)(’c(!l of ft(v- fall as Wt’1] as “’cwt” lllot ion. ‘1’11( ac-

ccl(rolll~t(cs SLIIS(  a coltll)itlat ion of t II(. grd~ II  II(lr IC

v(, cl ical togctllcr w i t h  tll( IIC)II f r t t - f r i l l  I)ortio]ls of 111(

sl)at ial acc(lccat 1o11.

111 lljih 1):11)01, i t  i> sllo~vll tllal tll( cotlll)il[aliotl

o f  cotatioll”  [I II(I ttatlslatiotl  illfortllalioll”  frottl  tll(  dc-

(’(’1  (’l’C)lll(’t(’l  111( ’dh  Lll’(’111(’llt  (’fill  1)(’ (1 S(’(1  1(J ;l(l V2tlltil~(’

for stat( Wtilllilti(jll  ill a I):illmll syst(’111.  Sl)ccifically,

till fxtilll:!lor i s  dcvclol)td ivllirlj (’xl~loi(s III(J  ((Icc1 of

tll( gcavitatiollal f i e l d  o)l itlcrt ial sc]lsocs to IIIak( ol)-

s(Ivol)lc t~vo  oul of tlltxx. aIIg,  ular  attit(l(l( vacial)l(,h.

11, Scclio)k ‘1 tll( Itloclt,l for a CollV(’lltiollill”  ltlccli:ll (s-

(illli(t O1’ i s  (Icv(’lc)l)(’(1. N(’xl ill Sccliol) 1{ a  (liscl]>~lc)t[

[Ilotivalcs tll( (xj)loitatio]l of (Ilf gravitallotlal fi(l(l

I,y (11( ]I,(IIIal SCIISOW.  III  Scctioll 4 :1 111()(1(1  ix (lcl(l-

01)(,(1 to c~l)loit tflc gravi(atiotlal field illfocttlailoll. A

~lolllillcar s ta te  (xtittlatioll scl Ict IIc is tllcll (l(v+i~tlcxl  ill

S(C1 ic,tl  5  I,as(d 01) (I)c gravity !Jrojcctitlg Illoclcl. A

siljl(llatioll (~xfitIll~l(  i s  l)r(w’tll(d  ill S(cliotl (). (’oll-

clllslolls arc ])(wt])olIcd  utltil  S(ctiotl ‘i.

2 Sc]~sor-Il~t,cgrat,il~g  Modd

A s  - slartillg I)oillt,, a I)asic cigl(l l~ody ([~tlilt[ll~ 111()(](1

\vitll f(lcc(h and 10CC1lIC> ( c f .  [ 4 ] ) ,  Ivill I)( ;Il]l)lif(l (c)

111(’ I): II I(KJII 1)1’ol)lelll :1s fo l low’s ,
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11( ’calls( tllc lll(’:lslll(’1ll  (’llts  Ilavt  1)((’11  Sllllsl  I I  111((1

itllo  illt’ s l a te  cquat  IOIIs, tl]is focttl(lliitiol] is (l(It Iol(d

as tllc .fc71,\(/T-fI//(gr(IfiIIg  rstiillator. I( i s  c)lll)llasizcd

(Il:lt lIIC rolatioli:l] dyllattlics cquatiotl (11))  Ilas I)(ttl

Cf,lllCJVCd, :111(1  11(~11(’(  (Ilc tol’clll(’s :I!lcl i[l(l’tiil  I)rol)(l’ll(h

of t,ll(  Syst(lll  d o  ll[)i  llav(  to 1)(’ Iillowll. J,i!i(\vls(  ,

I  II(  acc(lci. at iotl  lII(,iisll  r(’t II(t It is  USIK I  1 0  I’t])lil(’(  1[1(

f(,l’C( ill tll(’ (Iyllaltlics (’(llli(liotl  (6(’),  S(1 tllill c,lllj’ 111,

urality (’olll])oll(’llt” g Ill Llsl II( kllolvll. \l’illl Illlt iill
.,

colldit IC)IIS Sl)eclfld as qc], .1”0.  L)(I, ((j) (’~11 1)(’ lllt(’~lilt ((l

t~utj]ccically to g i v e  tllc slat( cslittlatc at :tily titll( i.

1( CaII I)c  SCCII that atly II I(iISIII(III(IIt  ]Iois(s ill u,,,

iilld cl,,, Jvill add to tllc ciglll Ililll(l si(le of ((i) ali(l (’lltet’

[Is ]1]()((,  s,\ 1)0),$(. lI(JII  (’(., :1 Ilc)tllill(.ar S!ill( (Xlilll ill loll

sCII(,III(J  IJas((l  011 tllih forllt(llatiotl ell’(clivcly Ilil?. 110
t l l ( a s ~ l r ( t t l c ’ t i t s  [I II(I sitlll)ly l)col)agatrs d s l a te  fxlll:l-

liotl Ivill, ])roccss IIoisc. Jfri(llout ad(liti(]llal itlfor-

IIlatiolj foc l)ositioll/allgle, tll( covariatlc(, o f  a l l  cotlI-

llotlctlts of tllc statr cstittlatc tvill irlcvital)ly (Icgr:((l(

tvilll ti]llc

Al(lloug}l 1]1(  at)ovt, a],})roacll  dOCS II()(  ltlc’~(!(i($  <i(~-

ditiollal C-o]l]])lrxi(i(s II(d(d to dra] Lvitll sflIsf)l l)i -

aws, ]Ioisch,  fralllc tlatlsfc~rtlltttic)lls, coor(liil;ttc tcatls -

fortl12itio]ls, e t c . ,  i t  i s  cssctlt ially 111(  Itl(tllod  US((I  t o

}) Iol)iigat(  t[Ic s t a t e  it) IIl(wt l)rf,scilt-day itlfrlifil tlav-

igaliotl scll(’lllcs.

‘J’IIc Itlaill cotltril)utiolj of 111( ])r(wIIt  l)dl)(I  is 1 0

r(d(,hi~tl 1}1( St:tt(’  (w(itrlalor 10 111[11<(  t!v[)  (1(11 oftlir~{

allglllal  Imltl[)ll  Vilclal)l  (’s  OI)N’IV:IIII  (’.  ‘1’111>  11 lily S(Y$I  II

CCIII:IIIGIIJI( at f i r s t  sitlc( otl(” is  C(lictiv(ly itlt(~rdlitlg

:1(’ c(~l(~l’ at lolls a n d  I’:li(’.s  10 gel ])ml(l(llls. II(lu’(v(l’,

(Ilc e x t r a  illforttlatioll co IIIch fl’olll 111( kllow’11 ~cilv-

ilj YCC(OJ !I \YIIose l)rc~jcctlc)tl itlto tll( I]o(ly fItiIII( is

111( ’a~uc(’d l)} tll(’ :Icc(l( ’1olll(’t(’1 ’s. ‘1’llis is (Iihr(lss(xl  ilI

111(  II(X( s(ctioll.

3 A  T h o u g h t  Expcrimcwt

<JtIlj a sillg,l( ;Icl(litiotla I  allgllliir  111( ’asLll’<’lll(’llt  (Sllcll

;(s  aII itl(xl)(’llsiv(’  slltI  s(’t  IsoI)  tll(’  fiIll ;{-axis a t t i t u d e ’

q of tll( rol)otic l)allm)tl l)vcotiIIs olwcrval)lc.

‘1’IICIYI al( s(v(c:il d i f f i cu l t i es  cllcou]ltrct’(1 JvII(’11 t ry -

ill~

1

2

:{

4 Gravity -Projmting Model

III this s(rtioll, all altcrtlativ( to tllc scIIsor itltc’gca-

illg, (hlllll;llor i> g,ivctl tc~ tilk( a(li’filltag( of tll(’ ~(1-

(Iitiollill  ]Ic(I,l(,  cl ((l  g itlforll)atiot). A s  ~~oitltmi out

(;lcli(,l.  tlli+  r(x]llir(>  cx[)licit  Itlo(l(’litlg  o f ’  forct’h  alt(l

(01([11(>  ‘I(I  t h i s  (11(1,  [II(  sittll)lc rigid I)()(ly lIIodL1 o f

111[ ]Il(vlolls sccliotl lvill I)c  l’(’lllil(’(’(1  ill tll( Ill’f’s(’Ill

s(cti~)ll l)} tll(, rigi(l l)(tld~ll~ltll 111(1(1(1 slIolvIl  ill l’ig-

Ili’(  2 ‘1’11( l)oillt al)out wllicll IIIC lJctI(luluIII I,ivots

i> (Iclill((l ii+ 111( J)/(’()/ /)0/)//. I t  IS S(YII  ill l’igucc 2

tllitt tll( t)(,(ly fl’illll(’ .T_t, ih (Iisl)lamd I)clofv ttle I)ivot

I)(,illt I)y :1 \(Ylor  / (Jvllicll \vill I,(,  }vrltteli 111 I)ody

(()() l(llllill(, > ilS (). Sitlc( ;ill rota(iotl t:lli(W  ])l~C(’  ~l)()(lt

III( ~~ivot  I)oillt, il ~(’[)lil(’l’h  tll(’  (’hi 1 1  S(’(1  ill tll(’  llC(’-

vio[ls h(ctioll  for tll( cigid I)()(ly }vitll(lut I)(tl(lllllllll

(l Vllilllll  Ch. l;:lrli(r, tll(  (~111 ivils tak(’11  to coitlcld~,



ivilll 111(  I)()(ly  fIaIII(, lvllicli  si[[lljlifi(d  III( (Iytlatllics.

lI(IWNTI’, ill tlI(’  l)r(w’tIl  II  I(J(ICI,  it i s  tIol }~(wil~l( 10

lIav( tlI( tll(’ lIody fralllr cot]lci(lc lvitll tlIr IJivot  Ijoitll

si]lc( t]lc} l]l(lst I)c sf])ar:itt(l 10 cnatc tl]( lIC, tItl II II III I

dyllat[lics. ‘1’li( d(rivatioll o f  111(  :(cc(l(Ic)III(t(I  111(:1-

SUI(III(IIt  (yllatiotl  itl  tll(,  Al))wtl(lix  i s  still fil]~~lical)l(

(() Illih  II IOr(  colIIl)lcx  J)(II(IIII(IIII  arr:IIIg(,  tII(,  tIl \vl I(lI

011( associatt’h tll( (Iudlltity f, lvitll tll( ofl’kl Vcct(]r

fl(,lll 111( l~ivot IJoilll 10 tilt I,(,(ly fraltl(
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‘1’11(  stair atld lll(-:Isll  r(iIl(IIt  cquatio[[s  Lvill  filst I,(
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(11)

Il?iv( 1)(’(11  IIlod(’1  (’d

‘1’l)ih  ih to cii])t(lw

I); II ICKIII ~[lotiotl.”

‘1’11(  (ly[l:lllli(x(~f  W ill (9) i s  itl(mducd 10 II Ic,d(l  tl](

“s[v:iyiltg”  of tll(  ~OII(lola,” w]licll l)(llav(w ds a ~JctIdw

111111 lrilli I(>ollilll(’($  fr((lu(t[ci(s  A,. AV,  A, at)()~lt  (,:ICII

of tll(  tlIr(Y  I)()(ly  21x(,h.  It i s  assu  III(d  that  tlI(’  l)alallI-

(l(rh  A,, ,  A<,  , J..  [II(  kII(,\v  II, sillc(  llI(y  cal I 1)( cllarac-

l(rim(l  l)(f(II(’IIat I(l frolil 111(’  l~llysics o f  tll(  IJ:III(K)lI.

‘1’11(  rol:iti(,lls  al Iollt  111(  Ilc,rimtltal  ax(’h  of tlI(  l)al -

IC)OII lrill I,c II IcJd(l(d  as siill])l(’ 1)(’tI(lula  of lcllgt 11 ~~, ill

?( g,ravit:iti(}ltal  ficl(l  (i.  (’.,  J,, v dll~t)> A, ~ dll~i,
cf [FJ]).  ]’or slttll)licity OJI(  C: III tak( (~, to l~c  tllc

I(ll&(ll of 1}1( 1):(110011”  Sysl(lll  frolll  (c)l)  to I)oltolll.

(cf ]’igur(  I  )  ‘1’11(  rolatiotl  al I(Ilit  tllc v(rtical fixis

of (III I):III(JOII  frill I)( tIl(Id(l(~cl  \vitll  a v(ry sc)ft sl)ritlg

(i,., A - O) silln tlltr( IS tlo Ijllysiral r(storitlg f o r c e

Ill(vlidllis[ll ro l  tlI  IA 21 YIS. ‘1’llf  ill(’ll iill scalitlg Illatrix

‘ 1  11(  (Ill[illtilj  +(q)  ICI  JI(WII(S  aII itlcr(tll(’lllal  al  I-

g(llal’  V:ll’iill)l(’ it[ local 1)()(1)’ (’()( )1’(ll[l:lt(w  \vlll Cll (’fIkC-

tiv(l>  i s  glvl]l  1,( ’11(111111111  (l~llilllli(’> A  II(III]I)C[ of

Illo(l[’litlg Cllol(’(’h ill’(’ availal~l(’ Il<lsc(l  011 cllaractfriz+

lIOIIS of a(lllll(l(,  l)>  I’:111(1  allgl(%,  1 [([(  tll(  Slllll)l(wt

~lll;ill-(l(fl(ctioll  111()(1(1  lIas l)c(~II US(L(I:

(’I(q) : o(g)l((y) (12)

‘1’11( :\llgl(/axih cll?ir;~cttli~atiotl, O(q)  E ‘R} atl(l IItlit

v(r(or u(q) c ‘T<:{. ])rovid(  a  valid  at Igular  tIIodcl  fol

Slllilll  (Iill(ill’)  (Iofl(x-tio]ls off (11(’ lC)Cill vcrticdl ~1].



1 ‘1’IIc first-ode] lmv[)ass  ]Ioisc ]jrouss f(jl /’ llIo(l-

cls (11( total rxtcrllal fot’cv  (illcl[l(litlg ~l’il  Vlt J )

011 tllc 1); (110011  a< 7( ’1() -111( ’:111 Ill this IIlilllll(’1’,

tllc (Iesir(d j’ = O coll(litio]l o f  tlI(’  tll(]up,llt  (x-

]I(ritll(lll ih cssetltia]ly l)(IIIg  (rlforc((l iii :111 : I v ( I -

agc S t a t  lstlcal  S(’lls(’. I l l  tllc at)s(’llct’  of Cxt(’1’lla]

f o r c e s ,  IIlis firs(-orclcr ll)odcl (ass[lltlitlg .lj > O)

cIIsurcs a cotllractioll of tllr j cstilllat(, to 7,(rcJ,

Lvllicll I c ’ s o l v e s  tllr j - !I~)l  atlll)iguity aIId allows

Corlx’cl 11s(’ of tll(’ I)rc)j(x”t(’(1  {/ Veclol ill fol’ll lilt ic)tl.

2. ‘I’t Ic dat]l]jiil~ I)ac:IIIILt(r < > () ill lII(s 1)(11(111111111

III(J(ICI dat II])c]Is tlt( ]ocal al Igulac  c(mr(li]]:(l(’  d~(q)

to 7CIXI  it) tll(’  alwtIc(  o f  tc)rqu(h,  (tlsllriitg  tllal

lIIC  ]) I(f’(11((1 at IgLIla  I ~)c)si(lolj  I(JI  111(  IJ;III()(JII  is

v e r t i c a l .

l\.  ‘1’IIc  fiIx-or(l(I  Io}vl)ass  IIoihc I)M)C(M  fc,[ T ]11()(1-

(’1s tll(  (Olqu(%  011 tllc I)tlllooll” as Y,(lc)-lll(oll. A s

Lvitll 111(  forces,  tll(  cotl(liti(l[l  T  = () is }Ititlg
t~]lforc<,cl ill aII av(~ra~,(. sl:llisli(’ill  S(11S(.  \l’11(11

cc~ul)lt’(1 lvitll tfl(’ dalll])(’(1  ])(’11(11]111111 (Ij’llilllll(’h,

lllis  (’lIsllrch  t h a t  tlI( I)alloot) \vill lI:[vt’ rat I(lol  II

IIlcjtic)tl  illsicl( a “l)ot(lll iii]  \v(ll”  \vitll a 1,1’tftl’l’({1

vcr(  ical ])ositio]l. Ill 111( almllc(’ of allj (k-

t(r]lal torqlles t h i s  first-or(lcl tII(I(lrl (asslll[litlg
A ,  >  ( ) ) ,  CIISIII(S co]l(cactio]l of III( T (wt  II  IIal(

to mm,  \vllilc tfIc datlllji[lg  ])arallj(’t(c  < > () CII  -

SUIW  tlIal tll(’ q (’sti]ilatc Ivill atttiill a  v(’rtiral

attitud(.

5 Noulinwm State E s t i m a t i o n

Ill lllis srclio]l, il IIotlli]l(ar Slat( (wtittlatio]l Scll(’ltlc

i> (I(ltlol)(xl I)21s(Y1 (III  111(1 gravity  lIccIj(Y7t  itlg  IIIC)dtl  of

%cIIOII  .4. ‘1’11(  I);ikic i(l(a i s t(, (](fiIIc  aII itlt(rill(xli-

:It( 10(’?11 Illc)(lcl  to Ivllicll tll(, Stall(talcl cotllitlllous-

discr(t(. llx((’II(l(d  Kali  IIa II 1+’iltfr  (1}1( 1’) (yuatio]ls
(ill, 1)( :Il)])llcd  [ 3 ] .

IJt tll(  (Ill:it(rlli(,tl q 1)( give]) ill tecttlsof allglt/axis

var  Idl Iltx ((7, fl), IVII(I(,  O c R’ aII(l  ulli( v(ctor u C ‘R:{,

(I:kl

(1:31)

)/ : (-os(6’/2) (J3C)

II[c21[IM  (It( t[ortllaliztilioll cotlsttail]t q“q = 1  i s

1101 txl)licitly (tlfotc(’(1 iii (11( (wtitilatc)r dcsi~tl, tlIc

(Ill ?ll(’I’ll  loll 1 /  :ICIS  ?1S  all ov(l-}}:ll:lr[lc[r~i~(~(l  ~(.l,~cwIl.

tatiotl  of tll(  ;i-axis :Iltitl]tlc. II I  odct  to avoid  tflc

I(dllll(lallt  Stal  (’,  a local aIIgula I vacial)lc O C 713 i s

CI((i]](.(1 t~y a local Iiilcarizatio]l a t  tlI(  I)rgi]lllillg of
(;1(’11  l)lc)lli(~dtioll St(}). After tlI(I co]l)l)l(tiotl o f  tli(
(oll(+])oll(llllg” Il])(liite St(q), tll(’ lCICill  ~llg(ll:l~ Vil~i;ll)l(’
i> ;Il)sorl)(,  (l illtc) tll(  (lllilt(l’lli  Oll frol[l tll(. 1)]’tvl[)lls lit]-

f,;l[’i7illi(~ll. ‘1’11(’ l)cocf’ss  is cotltitluc(l \vitll Sut)scqllcllt
l]],(:(li~;,liolls. ‘1’11( cc)rl(,hl)c)]]d  i)ig covaria]ic( l(IIIIh

arc ]Iiaitllaitl((l ill t(JII  IIS  of tll( local aIIg  LIIar  variat)lel

ivllicl] cll:[c:(cl(’riz(’,~  ii 1):111  of utlccrlaitlty al)ONl tllc

;It[illl(l( (wtltllat~,.

I“ol” Solll(”  / = /,, ;111(1 (/(to)  := (/[),  a local  a n g u l a r

Vilflill  Jl( 0 is (Ic[itl((l 1)~ 111( Cll~llg,(’ O f  VHliilt)l(’S:

[ 10(1)/2
1/(1) :

1
q[l (14)

Lvllicll Cilll  1)(  holv(’(1  10 giv(:

0(/) = 2({(/ (/,,”} (15)

,V], (,l.(. ~ ,’( { .  }  Is 115(KI to ]Il(llcatc  (11( first (111(.(. ;l~g(].
]Il(,]lts of tll( qllatcrtliotl as givctl ill (la). ‘J’l Icl I frottl

(Ii!)  i!lltl  (2) tilt IIll[acizcd tqu:ttiol, fc,r O l~,cc,lllch:

i=ti- +’fl (16)

IA’(]t(, lllilt Illih l121t:+ttl(l(’ri7,;i(ic)t[  is Iitlear ill O I)llt ])r(’-
M.rv(s  tll(. ]Ic)]llitl(;lr (l(lj(~II(l(JIIc(  of u for t h i s  accLl-

Iil(’j  ill 0. \Vitll t h i s  sul)stitl]ticlll fc)c q ill (9), l e t  tllc

I\;lllllilll  (ill(Jr St;lt[’  1)(’ (If ’llot(  ’(1 1)~

.! =  (fl,  k’,  T,.r,  f’,  f,/))7 (17)
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6 Simulation Exam] JIC

(i.,. q =  ((),0.0, l ) ”  )  1)111 lvitll a v(ty l)c)or itli(l:ll

cot~(llli(~ll

i/(1 =

{/(, =

0(, z

‘1’11( covdriatlcc [)101

covari;itlces for t I,c J

Iar cc)vacia]lc~’ al)out

[

sitl(fl(,/Y)u(l 1 (24il)
cos(fl[,/2)

71/2

(241))

‘1’llis v:~licl:it(s tllill tllc (Wlilllillot” (I(sigl)  \vocks  [Is i])-

t(]l(l(xl, ~)roviditig tll( d(wlr(d ot)s(rv:ll)ility o f  2 ;It I-

~)(llill rot;itiol)s” \vitllout tll( (xl)licit 11s( o f  atti[(](l(

[Il(:lslll’(ll lt’llts.

7 C o n c l u s i o n

A  ])otllitl(ii~ st:lt( (wti]llil{()[ II:IS  I)((li (I(v(IOI)((I fot

a h)l)<)ti( I)allootl. ‘I’1 1(. st;  tl( (Jstill]ator  itlt(~grot(,.>  ill-

(’I’l iill s(’llsol (I;lt:l (i. (’., t i l l ’ ( ( -aXlh  :IC(’(’1(’I’0111((($1* :111(1

g}l’(1>)  t[~ ],r(,  vid(  (xtitllol(h  c) fl)otl) iltlit(l(l( ;III(I  ~)()
sit)oll. A  qufilit,ativc II I(Id(l  fot  tll(  I,(tl(l(lllllll-lik(

1):111001, ” Il)otiotl \vas (l(\’(lC)l)(d t o  (’iillt(ll’(  tll( kill(

IIli[ti(’ I)cllavior \vllile avoiditl~ utl])mhsacily Collll)lfx

(l~llilllli C?ll 1110( 1(’1s.

A  IIliiill 1’(’s1111 of tll(’ 11(’!t forll)lllatiotl i s  lllill 1}s(,
ollt of Ilir(,( local d(gr(w  o f  fr(,(xlotll ill tll( ;IIIIIII(I(

(Jhtitllal(,  11(, COIIIC  (Jl)SC1’V~lll(’  t i l l ’ o l l g l l  tll( il(’(’(>l(>lolll(-

t(l’  lll(ilSlll’(’1ll  (’llt  So ftll(”  1()(’ill  gl’ilVit:ltiollill (i(l(l IIJ

Colltl’:ist,  a Illc)l’(’  Coil V(’llti  C)llill (slit tlatol (I(wlgll [):1s((1

011 dir(,rt itltcgratioll of tllc ill(’f’tiill 111(,  ilSlll’($lll(llt S

i(’il(lS t(Jtllll)Olllld(’d .g[o!vl]l it) tllc(tltitx attitl](l( co

Vil Piiill(’( (ILI( to tll C illtrgriit(xl (Jfli(’l of tll(, l’:lt(-~~lo

r{lll(lolll-\\alk I)lds (%. 1111 illll)orlatlt ?l(l Viilltil~( of tllc

ll(,\l (Still  lillol”  (Iohigll is t]lat olIly 011(’ a([ditiotlal at-

tit(l(l( IIj(;thll[(trl(tlt is rquircd 10 II IOk( tlI(  attitud(

[(111} ol)>($l’Viltll( Sll(’11 illl il(l(litiotl~l l[l(’~Slll(lll  C’llt

(.;  III  1)( (ccjllotllic;illy  ol)taill(xl  (Isitlg  a  Itlfas[]r(ltl(llt

or 111(  Iill(-()[-sig,llt to II)(,  stilt, a 1 [10011 Of 111( })ldll($t,

tll( llori70[l,” 01 :1 S t i l l ’ .

A(’kllr)wl(:(lglli(,]its

‘1’llisr(w:lrcl) \v:ts Ijirforttl(xl  at  III(. J(1 I’rot)ulsio]i

l,ill)(ll’iltol’~  (’itlifolllia Itlstitllt( of ‘k Clltl C)lo&~ Ull -

(1(1. (’olltl. il(’t ifitll 111(,  h’;ltic~tla I A(rotlau{ic~ a[l(l Sl)a((

A(llllitlistt:ltioll.

Appc]ldix A Accelerometer
Mmsuremmt
Equation

‘1’11( :1( ’(’(,1(10111(1(1 lll(’il<ll ~(’lll(’llt (yuatioll \vill 1)(’

1)1 i(fly (l(riv((l. lhfitl( .Y as t 11( cooc(lillat( frc(,  v(ctor

froth iIII ill(rti;ll c(f(r(tlc( l)oitlt O to tll( v(llicl( JIivot
~)(]itlt 1. d~ 111(,  coorclit)at(” fr(( v{c(OI  frot[l tll( v(llicl(

I)ilot I)oitll 1( I tllc accel l)acfifig(, aII(l 1) as tltc cool-

(Iitltlt( II(YT v(xtor frolll tll( ill(rtial r(ftr(tlc( I)c)itlt  O

t o  tll( acccl  I):tcliag(i i.e., 1’ = .1 + 1,. ‘1’1!( solid
()\ ’(1(1()1 “.” t\ill (1(1101( (Iiff(c(tltiiltiotl ill tli(~ ill(. rt ia]

fr:itll( \vllil( tll( ov(rcitcl(  ‘“(;’ \vill dcllc)t( difli. cctlti -

:Itioll ill tll(~ v(~llicl(~ I)ocly  fl’iilll  (’. I/et f) dl’llot(’  (11(’

(( ’()()  l(lillitl(-fl(()  illl~llli!l v(’locity of tllc I)o[ly. l)if-

f(r(lltl;,lillg 1) = ,1’ +  1, ill tll(’ itl(rtlal fra]il(, using

11($1’(,  111( S(COII(I  (X[udlity follou’s”  [’I()]II  tllc  f:l(’1 tlla(
,,
/, (J sillc(, tlj( :Icc(ltrc)]ll(’tf,r t>acfifig( is r i g i d l y

(’lilllli)((l (1)} iissllllll)tioll)  10 tll(.  v(llicl(. 1)()(1~. lJifl’(r-

(’llliil(illg c~ll(  IIlor(” tilrlc ill tll(’ ill(’I’t iill fr; llllc p,iv(w,



.

;;- (/=-  f////-  {/+  )( ’’’(q)  (d~wxl-l  L)xo (m)

Sitlc( III( acc(l(’r(,l]lcl(’l i s  ill (11( v(llicl( fualll(, W(’

lllllllil~lyoll tll(’ Icfl l~y II’(q) 10 giv( tll( ;Icc(’l(totll(t(l

Illtaslll(’lllcllt (/7,/ (\vi[llc,lll  l,oise),

(I, j) = I{({/)(j; - {/) (:{())

‘1’11(’11  (:;())  i s  tll(’ (I(wiml :iCC(’1(’I’C)l  ll(’l  (’r 111(  ’ilS(ll’(’111(’lil

((luati(~]].
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